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"A METHOD S«D SPPARaTOS FOR DEPOSITION OF FILMS OF COATING 
HATERIM,S, IN PARTICULAR OF SUPERCONDOCTm OXIDES" 

TECHNICAL FIELD 

™e present invention relates to a method and an apparatus for 

TZT'' "l °' ^» -"'-1- or 

I^ Tn °' -Perconductive oxides and/or ..„er 

Zo ite tapeT"^^ " superconductive 
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BACKGROUND ART 

The possibility Of large-scale production of YBCO or REBCO 

superconductive fil.s deposited on flexible .etal tapes i^^f 

IS ZZ '""""■^^^^ ™^ fabrication of t Je 

superconductive fil„s, so as to li^t the oxygen defect to a 
value lower than 0.1. oeiect to a 

t" otcuTeTe '^'^ " —-deposition technic^es, t.e need 
to oxxdaze the superconductive filxa requires a local increase 
on the surface of the ^^iim k • J-ncrease, 

or the film being grown, of the eff^ni-Urc. 
oxygen pressure with respect to th. effective 

tespect to the mean oxygen nart-iai 
pressure within the vacuum chamber. 

A device for in situ oxidation associated to a thermal co- 
eva™on is ^own, for example, f.om the uol 
oxida ion IS ensured by cyclic passage of an oxygen diffusi; 
over the surface of the film being grown; the diffuser s bl- 
haped, and the oxygen flows out fro. the inside of the box- 
the box has the function of delaying the outlet of th! 
molecules from the «r«, ^ ^ ^ outlet of the oxygen 

trom the area of growth of the film ,hi-v, 
consequent increase in th. : ^ ^ 

respect to tr. . effective oxygen pressure with 

chler. ' - the vacuum 

The above device and other similar systems present, however. 
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the serious drawback that, in order to ensure a si^ificant 

ITZV 7'^" '"^^ -intainin, the e.ges 

lllTl " ">e surface of the 

f 1- bexn, grown ,i„ the region of a tenth of a ^ili Jtr K 

initiai r<irr t' "^^^^^^-^^ '° ^--^^^^^ - — ^ 

rnitrai adjustment of the position of the diffuser, but aiso a 
con i„„ous and accurate control of the distance of he 

d plritln To " -™ 

devrces, rt hence necessary to envisage complex systems of 

a y -Oamcal positiLing ' 

pLces " ' satisfactory reliability of the 
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15 DISCLOSURE OF INVENTTokt 

A^purpose Of the present invention is to provide a method and 
an apparatus for deposition of films of coating materials In 
particular for deoositlon -Fi-i ^ ai-eriaxs, xn 

-.or buffer ^ resst 'T'^^^-''^ 

::r::r::ter°^"^ -"^■^ -"^ - - 

pl^se Of T "'""'^ '° particular, a 

purpose Of the Invention is to provide a method and an 

,5 !m ! ' effective deposition and a high 

.5 relrabiUty and presenting at the same time a simple and 
economically advantageous embodiment. 

In accordance with said nurooses fh= 

rela)-»« f„ .V . purposes, the present invention 

relates to a method and an apparatus as d»fi„=rf < 
0 Claims 1 and 13, respectively " 

Tjncl '° ^"-^ -able a 

Significant increase in the effective oxygen pressure to be 

achieved in the deposition area, so that said oxygen pressure 
IS comparable to the one that can be obtained with ZTlZll 
systems, but withoni- a^^r « ^ * available 
ut without any need for complex constructional and 
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process solutions of known systez^. me flow of oxygen can m 
fact be delivered at a distance decidedly greater tL" . 
occurs in known systems i » „ greater than what 

i--Liicix±y, a significant increa<!o -in 
rate and in the r^n.K- J-ncrease m the production 

for example, the aaf . functions: 

e^^P.. ^an' a^LCroTr ^ tuZ T '^^ 

reactive gas. ^ ""'^'^ o* 



f^^ther characteristics and advantages of the 

invention win emerge clearly from th. 1 ■ ' 

a non-llmitlng example of elodlent tCeT rh"^"" °' 

- - trrirti::. ^ --^ 

e"nlarra7scau o^ "^-'""O" a detail, at an 

- -.ure/: - and 

'0 respectively, of a ^rond^'m:^^^ of ^re""" 

according to the invention. apparatus 

ggg^2Sg-igg_CARRYING OUT TKI. TKHn^x^^ 
In Figure 1, designated as a whole by 1 is an 
5 deposition of films of nr..^- apparatus for 

iiims Of coating material*? an^ 
for deposition of fii^^s of ' Particular, 

films of superconductive oxides and/or 
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buffer layers in processes of fabrication of . 
composite tapes. The apparatus a " t • 

apparatus for ■ ^^^^^^^^ 1 is a continuous-treatment 

apparatus for forming a filxa 2 (which may be, in particular a 
fxlm Of one or more superconductive oxides or ^ 
5 called buffer laveri or, = v . °''^<^^s, or else a so- 

rer layer) on a substrate 4 in the form of a tape. 

pre fixed raXue P. t„ the region of lO- nbar. 
Housed inside the chamber 6 are 

fonning the fil„ 2 on a face 11 o, 1° 
treatment .eans 12 for deiiTe "ng a fl' /'"'^ ™" 
15 the arrows 13 in Fioure , ^ ^""li^^'^l 

an^strate 4 or Tf the"L 2 " " °' ""^ 

or or the film 2 growing on the substrate 4. 

- worming an evaporror^™ VtZ ^t"" h^" ^ 

:::::rrttor\" co:::::^:' 

area u in a direct- ' "'^""''^ evaporation 

m a direction of advance 18. m Dar^i^m 

evaporation .eans 15 co^^.ise a aeries of IZtlT: Tl 
25 crucibles 9n ^^^v. ^J-ecurically heated 

elements n "-Porting suitable precursors of the 

elements necessary for formation of the film , , ! 
evaporated elements form the evaporation 

deposited on the face 11 ^^P""'"" «ea 16 and are 
crucibles 20 It re^llL . ' 

0 .nciude eva;or"iormrn3Tr:t:r zrT"' ' 

general, deposition means 10 Of an. rit^ ""^^ " 

"r:nrT.pr::':ro:r"r" ^"^'-^^ ^ - - 

^ -.ure 1 b."a pair of roUerT^^n 

^-5 j.oj.±ers 22, which are spI- Sy. 

direction transverse to the substrate 4 and 

otuji>LJ7aue 4 and support the 
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substrate 4 above the evaporation area i « . . 

23, Which .ove the substrate T^n T h ' 

uuscrate 4 xn the direction of advance 18. 

The gas-treatment means 12 comprise at 
5 25 provided with one nozzle 26 or . ^'""^"^ 

nozzles 26 anH ' P^^f^^^^ly, a plurality of 

pressure, inlet p"' 

0 approxi^tely 2 ata, to the dlff„,er 25 " ^' °' 

a Pressurized-gas source ForTl 
^ — ^ -h are clecn p^ 

forming gas, such as an T ^^^P^- a 

y g s, such as an argon/hydrogen mixture. 

With reference also to Figure 2 th. 
Ultrasound-expansion nozzles, i e 

generate an ultrasounH nozzles designed to 

ultrasound expansion of the n^^ 
traverses them. Each nozzJp 9« • ^ ^^^^ 

a P.e.3„e .U.e.enceTetlrtre 

:u:Ln.r z:- ----- - r.re 

p^^u... . irrr. j;rer ^^^^^^^ 

By the term "ultresound-expaneion nozzle" is th„. , 
nozzle Shaped In such a way that i„ tt "'-ant a 

- .u„iciently hi,h pressu duLrnce^r" " ^ 
and the outlet of the nozzle, the .as no" thatT 
nozzle undergoes an expansion „lhh traverses the 

=Peed to supersonic values °' 
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Each nozzle 26 has an Inlet 3S uhi^v. ■ 

31 «nH k ■ , ' ^= connected to the pipe 

the pxpe 31 Each nozzle 26 comprises, starting f.o. the inlet 
35, a stretch 36 of groove with constant cross section \ 
= a cross section of groove substantiallv e^l to the Tl 

cross section st^h = ^- equax to the inlet 

outlet 38 ralinTi ttuT' ""^^ " ^ 
groove cross sectior i e th'T. ""'^ '^^^'^^ '''^ 
nozzle 26 has a ratio V t" 
10 outlet cro'r section c 

appro^i^teiy aPProxi^tely 1:2 and 

rjraVLrst^tTr isTr ^ -^^'--^ - - 

15 5 », and even as far as a dist " °' Wroxi»ately, 

fro« the outlet 38 of th ^pproxi^tely 10 «, 

pressure P. that i at least ZT ^ 

chafer 6 m oth.. ! ""^ Pressure P, in the 

generate a g Ideiiverr:::; T"" " ^= ^^'^^^^ 

^0 -ance o of appI^Lat:; ^rtd^r ^ faT a^ ' 

::: iTL;^thr~"^ " - 3rof^^th: 

=, mere is an oxygen pressure at leaat f„ 
oxygen pressure in the chamber 6. ""^ 

the pressu" irrlallerT""' """" ^ 

^0 n:L:r;r:et"su::ta':' ir"^""- ^^^^ 

outlets 33 o7Ut™\rrerat a'dit 

at: -r—r re ni^^^^^^^^^^ 
- " =0 -—rtr^^rr^t/aTdt 



wo 2005/024088 

^ PCT/IB2004/002960 

particular ccp.iseci between approximately 3 ^ an. 5 ^. 

The moving means 27 can be of any type- for . . 
movxng means 27 comprise a slide 45 on t' . '"^^ 
5 is installed and which i. .1.1, '"^^ cliffuser 25 

the direction of TZll r^.^r/^ ^ ^ ^ 

actuator 47 so as to brina the " ""'^'^ ^" 

the evaporation area IS " cyclically within 

10 The apparatus 1 also cc^risea a device 48 for h 

substrate 4, for example with IR 1. "^"^ 
^eans. The device 43 L J^J:^ "^"^"^ 
oP^site to the face 11 and to the rpotttn^aUTe:" 

IS Operation of the apparatus 1 embodyina the . 

the invention is described in what foio 's. '° 

The substrate 4 in the form of a tape is ,= h 
through the chaaber 6, i„ whlrh ^^ continuously 
20 the pre-set value P. a„d ' h """"" maintained at 

partial pressure of ^y e". ^bUst the"": / "^"'"^"^ 
the chafer 6, an evaJ;=.^■ substrate 4 traverses 

evaporation aiea leT fo h '''' *e 
evaporation area , 1 HI 4 traverses the 

= on the face u is carted out ' °' °' ^ 
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Associated to the deposition step is a ste. . 

situ. Which, in the case in poLt "^'^ treatment 

performed during the .1 . ^ ^'"^ oxygenation 

^low 13 (now of oxLnT ^'^^ ^^^^^ the 

xuw or oxygen is sent tow;5rr?o ^-v^ 

14 (i.e., the surface of the til 2 ^"^ 

4) • The step of gas tr.J . °" substrate 

- diffuser^s p::idr„rthru7t™ r 

« and conse^ently co^rises a step of uTtr 

and specifically a step of k . ultrasound expansion, 

the delivered ,L nZV ^ "'"^'^"""^ °^ 
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ft, indicatively around 2 at>n, and the gas-trsabnent step 
hence co^.i.e., prior to the step of ultrasound expansion a 
step Of pressuriiatlon of the flow 13. mansion, a 

3 

Mvantageously, the step of ^as treatment (oxygenation! is 
perfor^d cyclicaUy, .ringtn, the diffuser 25 cyclicaiT; in I 
the evaporation area 16 via the moving means 27. 

■ It remains understood that the apparatus 1 is suited for use 
not only With a flow 13 of oxygen, but also with other t^" 
Of gas. Hence, according to possible variants of the m^Sod 
according to the invention, in the gas-treatment step i'te^d 

cllZZ functions, for example heating, 

I " '"^""^"^ °' --"i^S surface 1 

(which may be, according to the treati,»„f ^y. \ 
substrate 4 or th. \, t«='t»'ent, the surface of the 

substrate,. °' = ~' °" the 

in particular, the gas flow la a flow of reactive gas such as 

steHf"! ^"^'^ " argon/hydrogen mixture, and t'e 

step of treatment is a reducing step. 

The gas-treatment step, whatever the gas delivered k 
performed before, after, or during the d^ositlon step. 

iLiUrTTl."' ' "'^ "-"^ that are 

Similar to, or the same as, the ones already described ara 

^signated by the same numbers, the feed means iTTL l 

16, and the moving means 27 are designed to bring the diffuser 
25 into the proximity of the face 11 »v \. 
wlt-hin ^^, ^. °^ substrate 4 and 

Within the evaporation area 16 along a curved path radially ' 
internal to said path defined by the feed means 17 
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Circumferential sUt 58 „hl=h Provided with a 

--etral pXane J IL ZV.l t T^^^"""^^ ^ 
evaporation area i6 and on wJcT a centraT .TTT'"' 
59 o, the suJ^atrate 4 extends. The sut =8 T"'' ^'^'^ 
" exa^U, an annular space betweel ^ w^eel" 6 h^H^ 
are sat alongside one another and are allied , 
A. and are able to rotate about the Tist ' 

The evaporation means 15 are set in • 
1= the carousel 55 delimited by t^e wCeU « "^"^ " 

t..e crucibles 20 are carried b/a LU'^t e6 117"™'^" 
rnto the cavity 65 and are hence radi.^ "'"^^'^'^ 
carousel .5 and internal to thTpar:;^ XraT: t "'^ 

the stretch 57 ot the substrate 4 wUd ol the 

wouna on the carousel 55. 

With -trasounreUsiriirr/ihr^^^ " — 

axially in cantilev». f "^'''^^ ^6. The diffusers 25 project 

0 arms 68 so as to bi ll r "^"^"''^ °^ 

to be aligned with one another and with the slit 



